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I. INTRODUCTION 
The degree of multinationality of a country's production is detennined by the extent of 
outward international production by domestically owned finns, and inward international 
production located in the country in question by foreign-owned finns. In the absence of direct 
measures, international production is nonnally measured at a national level by outward and 
inward foreign direct investment (FOi) stocks. Unfortunately, the existing reporting practice 
of FOi stocks on a historical cost basis (ie. book values) is unsatisfactory, because it leads 
to an underestimation and does not take into account the age distribution of stocks, thus 
making accurate international comparisons of FOi stocks almost impossible (eg. Cantwell 
1984, 1992; Bellak 1994). 
Our main objective is to re-estimate the historical FOi stocks of Japan, Germany, the 
US and the UK at replacement values using a perpetual-inventory model (PIM) and thus 
improving upon existing statistical methodology. Replacement values - the replacement costs 
of assets, rather than stock-market values - are useful as a means of estimating other 
measures of real production activity such as employment, output and value-added. Moreover, 
they - rather than historical values - should be used to derive a country's net-international 
investment position. 
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Our propositions about the effect of the re-valuation are that (i) the relative difference between the 
historic and the replacement values in 'old' investor countries (ie. US, UK) is larger than in 'young' investor 
countries (ie. Japan, Germany), since older capital stocks are undervalued at historic cost due to inflation; (ii) 
the relative discrepancy between 'old' and 'young' investor countries is accentuated, if figures are also adjusted 
for exchange-rate movements, where the currencies of the former countries devalued while the currencies of 
the latter revalued on average; and (iii) that the revaluation is asymmetric for inward and outward FDI of a 
country, if the age of inward and outward stock differs. We examine the empirical significance of these effects. 
Net outward and inward FDI stock may be valued at historic cost (ie. book values), or at replacement 
(or market) cost at constant or current prices in common or local currency. Since the expression 'market-cost' 
is also used when FDI is revalued by stock-market prices we prefer the term current cost. Book values reflect 
the firm's tangible assets at historical values as reported in the balance sheet. The main difficulty in the 
revaluation of stocks arises from the fact that price-changes affect the flows of the capital stock formation, 
. which in tum alters the stocks. Any exchange-rate or price changes therefore have to be applied to the flows 
first and from these the stock has to be derived. 
The paper consists of 6 subsections: Section II reviews earlier studies, section III outlines the model 
and section IV describes the data used. The results are presented in section V. There is a short concluding 
section (VI). 
Il. LITERATURE REVIEW 
A recent discussion on revaluation of FDI has emerged in the US as a consequence of the fact that its net 
international investment position became negative in 1985. Some results of these studies are summarized in 
Table 1. 
******************* 
Table 1 about here 
******************* 
Two main conclusions can be drawn: (i) stock market values are generally higher than replacement 
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values and (ii) within the replacement values the range (ie. the difference between the largest and the smallest 
value) is quite large. The studies differ in scope and we have some criticisms of them which are summarized 
below. Only Landefeld and Lawson (1991) use a model similar to those used for domestic capital stock 
estimation. In particular, the following weaknesses characterise existing studies: 
1. The components of the capital stock, ie. the annual flows of depreciation, gross and net investment, 
retirements etc. are not revalued. 
2. Most studies neglect the existing (or initial) FDI stock and start to estimate capital accumulation only from 
a certain year onwards. 
3. The application of very detailed models like in the US is not feasible in other countries due to the lack of 
disaggregated data. As a consequence even in the US many studies had to be based on a wide range of 
arbitrary assumptions. 
4. There are also criticisms of the market value method, mainly that it leads to serious overestimations of the 
capital stock, reflecting an essentially monetary phenomenon. 
To sum up, the most important conclusion is that the underlying estimation model's structure should 
reflect real development. Thus, our model needs to (i) be applicable to inward and outward FDI stocks on a 
rather aggregated basis, (ii) revalue flows and from these derive stocks, (iii) be sensitive to a change of service-
lives, depreciation and retirements, and (iv) yield results which can be compared to domestic indicators. 
ill. THE MODEL 
We estimate a PIM using aggregated FDI stocks, which should produce meaningful results even without 
detailed data on assets, prices etc. We accept that our method is a first approximation which could be improved 
upon by some national statistical offices if they were able to apply it on a more disaggregated basis than we 
are. As a reference point for the reliability of our results we use the previously mentioned US studies and 
expect to be close to the 'Landefeld and Lawson' approach, in particular. 
The crucial assumptions are those about the initial capital stock, the length of service lives (retirement 
pattern), the role of price and exchange-rate movements and capital consumption (depreciation). Following 
4 MEASURING THE IMPORTANCE OF INTERNATIONAL PRODUCTION 
other studies on domestic capital stock estimation (O'Mahony 1993a, 1993b, OECD 1993, Blades 1991, 
Paccoud 1983, Barna 1957) our model is based on the following assumptions: The average length of service-
lives is assumed to be constant over countries and over time. The chosen length of 30 years is not only in line 
with international studies mentioned above, but also is convenient, since it is necessary to extend the data series 
over a period twice the length of this life before the latest year available. The uncertainty of the level of the 
initial FOi stock, which influences the growth and level of the capital stock is reduced with the length of the 
time period under consideration. In the basic model we assume the simultaneous exit of assets (at the end of 
their lives) and straight-line depreciation from the initial investment through to retirement. 
To begin with some definitions. Subscript 'h' is used to show a value at historic cost, and subscript 
'r' a value at replacement cost. The net foreign capital stock at historic cost (ie. net of depreciation as well as 
disinvestment) is denoted by NKi,1, net FDI by Nih1 in year t. From these the procedure is to calculate, on 
certain assumptions, depreciation (DhJ, gross investment (GlhJ, retirements from gross capital stock (Ri,J and 
gross capital stock (GKi,J. 1 A combined index of the price of assets and exchange-rates of host country 
currencies versus the home country currency (see below) is then applied to obtain gross investment and 
retirements at replacement cost (Gin and R,J, and from these gross capital stock (GKJ, depreciation (D,J, net 
investment (Nl,J and net capital stock (NK,J all at constant prices. It is then a simple matter to derive NKn at 
current prices and exchange-rates by referring back to the combined index. Net investment is given by: 
Gross capital stock at the end of year t is: 
GKht = Giht-m+I + Giht-m+2 + • • • + Gihl 
or GKn = Gln-m+I + G~l-m+2 + • •• + Gin 
where the average expected service life of assets ism years.2 The formula may be rewritten as: 
(1) 
(2) 
(2') 
' The tenns depreciation and capital consumption arc used synonymously to refer to the rate at which assets are physically used up 
rather than the rate at which they are written off in company accounts. 
2 It is assumed that all assets have the average life; it is not possible 10 group different types of assets with varying lives as only the 
total value of assets is known. Later on we assume instead that the retirement of assets from gross capital stock is distributed around the 
average year of retirement and show that it does not greatly affect the value of capital stock in the long run. For a discussion of various 
types of mortality and survivor functions see e.g. Blades (1991), Paccoud (1983) and OECD (1993). 
and 
G.Ki,I = G.Kiir-1 + Glhl - Glhl-m• where Rht = Glht-m 
GK.t = GK.t.1 + G~ - Glrt•m• where Rn = G~-m 
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(3) 
(3') 
R denotes the retirement of assets from the gross capital stock in the year when they are assumed to have 
exhausted their service life.3 Note that Glh1 and G~ are equivalent, but in the context of the model here Gli,1 
is used to refer to the amount of investment expenditure at current prices, and Gin to show the same at constant 
prices. Finally, net capital stock is a cumulative total as follows: 
and NK.t = NK.t.. + Nlhl (4) 
In what follows, the estimation process is explained briefly. First, the components of the model (GI, D, and 
GKm_1) have to be estimated. (Subscript 'm-1' denotes the base year gross capital stock from which the PIM is 
estimated.) It is often argued in simple economic models that depreciation in year t (Dh1) can be estimated as 
proportional to NKh1 (or Dh1 = a*N.Ki,1 and Dn = b*NKJ. This seems inappropriate here, however, as the 
concern is that although roughly it may be true that Dh1 = gGKhr• in inflationary times Dh1 will constitute a 
falling proportion of NKi,1, as NKh1 rises relative to GKhr· For the sake of simplicity it is therefore assumed that 
Dh1 = a*NKhr for to to lm• 
It is further supposed that 
Dhm-1 = (l/15)NKhm-l (5) 
This approximation is justified on the grounds that in equilibrium with a steady Glh1 (and it is contended here 
that Glh1 was fairly steady from to to tm, certainly when compared with a dramatic rise between 1m and t2m) it 
follows that NKi,1 = (m/2)Glh1 = (l/2)GKh1 so that Dh1 = (2/m)NKhr• The algebraic reasoning behind this is set 
out in the Appendix. Now take GKhm-l = m*Dhm-l 
This implies that (GlhO + GJhl + · · · + Glhm-1} = X (6) 
' The model is further explained in Griffin (1975). 
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or (DhO + . . . + Dhm-1) = X - (NlhO + . . . + Nlbm-1) = Y (6') 
So (6") 
Now with (6"') 
it follows that a = Z / (NKhO + . . . + NI<i,m.:z> (7) 
Dh1 and Gih1 can then be calculated for to to tm.2, and GKhm-t• The Glh1 series for to to tm-t is equivalent to ~ 1 for 
tm to t2m. Having obtained an estimate of GK.,.1, it is not difficult to extend the series and to estimate the initial 
capital stock GKm.,. The fact that investment is not made in a lump sum at the start of the year, but is generally 
spread throughout the year, is now allowed for. For this reason, the depreciation of assets newly acquired in 
any given year will not be equal to (1/m)Glh1 in that year, but approximately (l/2m)Glhr Likewise, it is not 
necessary to assume that assets acquired m years earlier are all scrapped at the start of the year, but instead 
gradually during the year. This leads to the following formula for depreciation: 
Dh1 = (l/m)GI<i,1.1 + (l/2m)Glh1 - (l/2m)Rhi• where Rh1 = Glhi-m (8) 
or Dn = (1/m)GK,i.1 + (l/2m)Glrt - (l/2m)R,i, where Rn = Gln-m (8') 
Substituting for G~1 = Nih1 + Dh1 gives 
Thus, 
and then 
Dh1 = (l/m)GI<i,1-m - (l/2m)Ri,1 + (l/2m)(NJi.1 + DhJ 
(2m-l)Dh1 = 2GKh1.1 + Nlh1 - Ri,, 
Dh1 = (2G~,-, + Nlh1 - Rh1) / (2m-1) 
(9) 
(10) 
(11) 
From the last equation Dhm is calculated with GI<iim-t• Nlhm and Riim already known, and from this Glhm = Nlhm 
+ Dhm is calculated (which gives also ~m = Glhm), and then GKhm = GKhm-1 + Glhm - Rhm· The same 
procedure is followed to estimate Glh1 and GKh1 in subsequent years. 
In the third step, the adjustment to constant values is made for the period post t,,,. Rh1 for the period 
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ta to tm is correct at 1950 prices. The price index is then applied to Gih, between tm and the last year available 
to give Gln at 1985 prices. Data are also transferred to constant exchange-rates which increases the value of 
earlier periods, if the local currency has lost value since (and vice versa). GKhm• Dhm• Nlhm and N~m are also 
assumed to be accurate at t,,. prices, and this enables GK,.m, D,m and NK,.m to be derived at 1985 prices and 
exchange rates. 
It is a simple matter to construct a series for GKn by the addition of GI,. and subtraction of R.t, and 
depreciation is found from Dn = (l/2m)(2GK.-i.1 + Gin - RJ. From this NI,. = Gin - Dn and NK.-i = NK.-i.1 + 
NI,, for the years t.n+i to the last year available are calculated. Finally, NK.-i can be expressed at current prices 
and exchange rates by using the combined price and exchange-rate index. 
IV. DATA 
Data on net FDI stocks comprise time series from 1919 to 1990 for four countries, ie. Japan, Germany (inward 
1929-1990), US, UK (the UK data were revised for earlier years in which statistics excluded the oil and 
financial sector). These countries are the major home and host countries for FDI in the world. Data represent 
the total economy and definitions of FDI book values are according to OECD (1992) and IMF (1993), except 
for Japan. 
The initial capital stocks were estimated according to the model with the exception of the outward 
stocks of Japan and Germany, which were assumed to be zero in 1950. (Due to the large scale expropriations 
of foreign capital stocks of these countries after the Second World War we did not include retirements of FDI 
stocks carried forward from earlier periods.) For subsequent years, missing values for years between 
benchmark surveys were approximated by either assuming constant average annual growth-rates or by assuming 
that the annual change in stocks were distributed in the same proportions as annual FDI flows reported in the 
balance of payments. Several price indices were used: Consumer Price Index (1919-1950); gross domestic fixed 
capital formation (OECD 1994): .outward FDI: OECD average, inward FDI: by country (1950-1990); end of 
year exchange-rates to US$ (1950-1990) from International Financial Statistics. The main data sources are: 
for Japan Tanaka (1993), Hiroki (1989); for Germany Brueninghaus (1965), Statistisches Bundesamt (1961, 
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1963) and Monthly Report of the German Bundesbank; for the US Survey of Current Business; for the UK 
Business Monitor; and for all countries Dunning and Cantwell (1987) and UN (1993).' 
V. ESTIMATION AND RESULTS 
As mentioned above outward FDI have to be transferred to constant and current values in local currency, which 
raises the problem of the choice of the appropriate exchange-rate index to reflect changes in the value of the 
reporting currency relative to the currencies in which the assets were purchased. (Inward FDI was converted 
to the price and exchange rates of the host country in question.) A short example illustrates the problem: 
Consider a subsidiary acquired or set up by a US firm in the UK in 1960. Originally, the subsidiary was valued 
in 1960 pounds sterling and 1960 prices and was converted to US dollars at the then prevailing exchange-rate 
in the books of the US parent company. Between 1960 and, say 1990, not only did asset prices rise, but the 
pound sterling depreciated against the US dollar. Both factors tend to increase the 1960 FDI stock at 1990 
dollar values. (Conversely, these effects counteract each other in countries whose currency appreciated against 
the US dollar.) The problem is even more complex when taking into account the numerous host countries in 
which large outward investors are engaged, the currency of each of which has a different relationship with the 
home country currency over time. 
The solution adopted here is to construct an outward-investment-weighted exchange-rate index 
(OIWERI). The shares of the home country's outward investment accounted for by the ten most important 
industrialized host countries were used as an index of the exchange-rate versus the home country's currency. 
The OIWERI was then applied together with the OECD price index to derive replacement values in local 
currency at constant and current prices. Its 1950 and 1990 values (taking 1985 = 100) were 20.7 and 121.1 
for the US; 7.9 and 82.9 for the UK; 24.1 and 98.7 for Japan; and 26.3 and 77.8 for Germany. See the 
Appendix for details. 
The results are consistent with the earlier studies on the US presented in Table 1. When we compare 
• Detailed sources can be obtained from the authors on request. 
~ . . . 
. . , 
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the latest year available from these studies, our model suggests a US outward investment stock of US$ 472.4 
bn in 1987 and US$ 523.2 bn in 1988 for outward and US$ 309.8 bn in 1987 and US$ 367.5 bn in 1988 for 
inward investment, as well as US $ 162.6 bn in 1981 and US $ 147.4 bn in 1988 for net investment. Our 
model is more powerful than the earlier approaches since even on the basis of aggregated data the results are 
quite satisfying, while much less detailed information is needed which enhances its applicability to other 
countries. The results are reviewed first in local (cf. Table 2) and second in common currency (US dollar) 
terms (cf. Table 4). 
Results by Country in Local Currency 
The results in local currency are shown in Table 26 and Figures 1 to 8. Since we cannot provide an assessment 
of the development of inward and outward FDI in each country here, we use the figures of Table 2 to check 
the magnitude of the anticipated effects of the adjustment process. 
****************** 
Table 2 about here 
****************** 
As noted earlier, (i) the extent of the revaluation should be greater for the investment stocks of the US 
and the UK; (ii) the revaluation should be asymmetric for inward and outward FDI, if their age profile differs; 
and (iii) the gap between mature and new investor countries will be wider still if the currencies of the mature 
investor countries have depreciated. The significance of all three propositions can be seen in Table 3. 
****************** 
Table 3 about here 
****************** 
The extent of the revaluation is measured by the ratio of current replacement values in 1990 to historic 
' This figure matches exactly the Landefeld and Lawson result (cf. Table I). 
• Detailed results can be obtained from Table 7. 
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values in 1990 ('ratio l ', cf. Table 3). While the current replacement values of the German and Japanese 
outward investment stocks are not very different from their historical book values (owing mainly to the 
appreciation of the- Deutsche Mark and the Yen), the US stock is about 30% higher and the UK stock about 
40% higher at replacement cost, while the UK position is about 20% greater on the inward side. Inward 
investment in the US is mainly of a relatively recent vintage, and so its ratio is close to Germany's. A 
comparison of the impact of the revaluation of the stocks of new and mature investor countries is presented in 
'ratio 2', all ratios being clearly lower than 100 percent. 
The asymmetry of the revaluation is measured by a comparison of 'ratio l' for outward and inward 
FDI. Japan is the most balanced country, because both its outward and inward stocks are quite recent. In 
Germany, a latecomer in outward FDI, the inward ratio is higher than the outward ratio, whereas in the US 
and UK the reverse applies. 
The effect of the adjustment element of exchange-rate revaluation is especially notable for the re-
estimated FDI stocks of Germany and Japan, because their currencies on average appreciated against others. 
This has the effect of lowering the replacement value of stocks in terms of Deutsche Mark or Yen. The 
exchange-rate adjustment may outweigh the price-adjustment in periods of low inflation but high currency 
appreciation. (See the Appendix and Table 6 for a quantitative assessment of the effect.) 
Summarizing the results in local currency, the most important implication is that the US and the UK 
were far larger outward investors than traditionally assumed and certainly when compared to Japan and 
Germany. 
Sensitivity testing was then carried out (i) using a shorter service life of 25 years and (ii) using a 
distributed retirement function ( + I - 20 per cent around the average service life). See the Appendix for the 
magnitude of adjustment. 
************************* 
Figures 1 to 8 about here 
************************* 
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Four Countries Compared in a Common Currency 
As has been mentioned in the introductory section, the main purpose of this study is not the revaluation per se, 
but the derivation of the multinationality of a country's production relative to other countries. The results in a 
common currency (see Table 4) enable us to compare the relative position of the four countries and their 
change over time. 
****************** 
Table 4 about here 
****************** 
The analysis in a common currency suggests major changes in the relative position of the four 
countries as to their extent of international production measured by the absolute level of inward and outward 
FOi stocks. In outward FDI, the main change in position took place in the late 1980s when Japan assumed 
second place with the UK dropping to third place. However, the revalued figures suggest (as can clearly be 
seen from Figures 9 and 10) that this change took place much later than the historical figures show. Moreover, 
it becomes clear on a revalued basis that Japan is not threatening the US as the leading outward investor as the 
historical figures would suggest. Regarding inward stocks it is often maintained (on a historic cost basis) that 
the US became the largest inward investor country in 1975 (see Figures 11 and 12). The revalued figures 
suggest that it was not until 1980 that the UK lost its leading inward investor position. The revaluation thus 
affects the level of FOi stocks differently and hence changes the relative position of countries to one other. 
************************** 
Figures 9 to 12 about here 
************************** 
One possible application of the results is to calculate real growth-rates of FOi stocks (see Table 5) and 
to compare them with other indicators of economic growth. This is the first attempt to make a global 
comparison of this kind beyond the single country studies for the US. Other such comparisons (e.g. UN 1993a) 
do not compare like with like when showing GDP, trade and FOi over time, since ·they use the unadjusted FOi 
data, which as explained earlier are neither at current nor constant prices or exchange rates, and hence cannot 
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be compared with variables that are expressed either at current prices or in real terms. Overall, ie. taking the 
four countries together, the annual average growth of outward FDI stocks was 7. 9 per cent from 1960 to 1970, 
8.5 per cent from 1970 to 1980 and 6.0 per cent from 1980 to 1990 (average growth 1960 to 1990: 7.5 per 
cent). Two interesting results emerge from this: first, internationalization grew faster than exports (5.4 per 
cent) and GDP (3.6 per cent) during the whole period 1960 to 1990. Second, the reduction of growth in the 
1980s compared to the 1960s was less pronounced in FDI stocks (1.9 percentage points) compared to exports 
(minus 4.1 percentage points) and was in line with the decrease in GDP growth (minus 1.9 percentage points), 
yet with growth rates of FDI stocks remaining twice as high as those of GDP in the 1980s. The ratio of FDI 
growth to GDP growth rose from 1.6 (1960-70) to 2.1 (1980-90) and the ratio of FDI growth to trade growth 
·from 1.2 to 2.3. These results suggest that internationalisation via FDI is in relative tenns somewhat more 
important in the 1980s than it was in the 1960s, even in a period of lower overall growth. 
****************** 
Table 5 about here 
****************** 
VI. CONCLUSIONS 
The purpose of this paper was to revalue FDI at replacement values thus getting a more accurate picture of the 
importance of international production. The extent of the adjustment is substantial (up to 40 % above the historic 
values). In particular, the study shows that the imbalance between mature (US, UK) and new (Japan, Germany) 
investor countries increases substantially after revaluation. In other words, the data published on a historical-
cost basis largely underestimate real developments. 
The present paper also provides the methodological basis for the valuations recommended by 
international bodies such as the OECD (1992) and the IMF (1993). Other applications of our model are: (i) to 
extend it to many countries, which is feasible as our approach requires less assumptions and less detailed data 
than previous approaches; (ii) the model can _be modified to reflect better the assumptions of the equivalent 
model used in each country for domestic capital formation; (iii) cross-country, -industry, -sector studies are all 
13 
possible. 
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APPENDIX 
THE LONG RUN EQUILIBRIUM POSITION OF CAPITAL STOCK UNDER STEADY STATE CONDITIONS 
In what follows it will be assumed that all variables are stated at their replacement cost in constant prices, 
although the analysis can of course be extended to historic cost calculations, if it is further assumed that prices 
are unchanged. The question asked here is: if the value of gross investment is unchanged from one year to the 
next, what will be the long run value of gross and net capital stock? 
In year to suppose that there is no investment and no capital stock. If, as has been argued above, GI,, 
is spread evenly throughout the year t and is not all advanced at the beginning of the year, then 
Dn = (1/m)GKn.1 + (1/2m)GI,, (5a) 
for O < t < = m. 
However, in the long run, fort > m, it is clear that 
GKn = m*Glm Dn = (1/m)Gl{.1, GI,, = Dn and Nin = 0 (5b) 
The reason is that after year m retirements (R.i) will match the pattern of gross investment (GIJ during the 
course of a year, so exactly offsetting one another and leaving gross capital stock (GKn) unchanged. Since Gin 
will also be equal to Dn, it is clear that Nin is zero and net capital stock (NKn) similarly remains unchanged. 
To set the argument out more formally begin with GK,o = 0 and NK,o = 0, while GI,1 = GI,2 = ... = GJ,,. 
It immediately follows that GK,1 = GI,1 (as GK.t is valued at the end of any year). 
Now Nl,1 = Gl,1 - D,1 
= GK,1 - D,1 
= GK,1 - (1/m)GK,o - (1/2m)Gl,1 
= GK,1 - (l/2m)GK,1 
= (1 - (l/2m)]Gl{.1 
(as GKr0 = 0) 
(5c) 
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In year 2, GK,2 = 2G~1 = 2GK,1 (assuming m > = 2) 
While N~2 = GI.2 - D.2 
= m.1 - (1/m)GK,1 - (l/2m)Gl,1 
= [I - (l/2m) - (l/m)]GK,1• (Sd) 
In year 3, GK,3 = 3G~1 = 3GK,1 
While N~3 = GI,3 - D,3 
= Gl,1 - (l/m)GK,i - (l/2m)Gl,1 
= [I - (l/2m) - (2/m)]GK,1• (Se) 
Likewise, in the (m-l)th year, 
GK,m.1 = (m-l)Gl,1 = (m-l)GK,1 
and in the mth year, 
NI,m = G~m - Drm 
= Gl,1 - (l/m)GK,m.1 - (l/2m)Gl,1 
= [l - (l/2m) - (m-1)/m]GK,1• (St) 
So NK.m = N~1 + Nlr2 + . . . + N~m 
= [l - (l/2m)]GK,1 + [l - (l/2m) - (1/m)]GK,1 + [l - (l/2m) - (2/m)]GK,1 + ... + [l - (l/2m) - (m-
1/m]GK,1 
= [m - (1/2) - (1 + 2 + ... + m-1)/m]GK,1 
= [m - (1/2) - (l/2)m(m - 1)/m]GK,1 
(using the formula for an arithmetic progression) 
= [m - (1/2) - (l/2m) + (l/2)]GK,1 
= (m/2)GK,1 
= (m/2)Gl,1 
= (m/2)Gln. (Sg) 
Hence, if the average life of an asset is 30 years then the net capital stock will reach a long run equilibrium 
fifteen times the level of gross investment in any year, which is half the level of gross capital stock. 
,.-
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EXCHANGE-RA TE ADJUSTMENT 
Exchange-rate movements lead to changes in the value of assets invested abroad when commonly expressed in 
terms of home country (or any other single) currency. Hence, they have to be included in the revaluation 
process by analogy with price changes. The changing composition of host countries as well as appreciations and 
depreciations of the home country currency against that of these host countries alter the stocks and flows of 
outward FDI. Our criticism of incorporating exchange-rate changes only in historical values as is done in e.g. 
the US or Germany is similar to our criticisms of the application of price changes on an annual basis above: 
the exchange-rate adjustment is only applied to the stocks, but not to the gross and net flows (capital, 
retirement, depreciation) in the revaluation process. By using a mixed price and exchange-rate indicator 
(OIWERI) we include exchange-rate movements in the revaluation process. 
In general, the effect of the exchange-rate adjustment on an annual basis on FDI stocks (assets) abroad 
will be positive in the case of a depreciation of the home country currency versus the host country currency, 
and vice versa. The decline of the dollar (in the 1970s) raises and the rise of the dollar (in the 1980s) reduces 
the value of US assets, whilst the rise of the Japanese Yen and the Deutschmark against the currencies of major 
host countries for Japanese and German FDI respectively reduces the value of foreign-currency-denominated 
assets. 
The magnitude of the exchange-rate effect is substantial, as shown in Table 6. The figures compare 
unadjusted (ie. using only the price index) values to adjusted (ie. using the combined price and exchange-rate 
indicator) values. 
****************** 
Table 6 about here 
****************** 
It must be kept in mind, that this adjustment is the net result of all depreciations and appreciations in 
previous years between 1950 and 1990 and not the adjustment of a single year. Thus a single year's stock is 
highly sensitive to a sudden exch:inge-rate change. This is why we choose ten year averages. It should be 
emphasized that the combined effect cumulates over time and therefore a-priori suggestions about the net effect 
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can be drawn only if there is a clear trend in the value of the currency. The effect depends on several flexible 
parameters: the changing share of host countries and the changing value of their currencies over time; the time 
path followed by the stock of capital accumulation; the development of prices etc. 
The figures in Table 6 confirm the expectations. The table shows that the exchange-rate adjustment 
leads to a downward correction in three cases and a strong upward correction in the UK. In Japan, the yen 
appreciated sharply against the USD in the 1980s where the share of the US as a host country increased to 
almost 60 per cent over time. The relatively recent outward investment as well as the currency movement of 
other host countries dampen the effect of the appreciation of the Yen against the US dollar, but the adjusted 
outward stock is 12.1 per cent lower than the unadjusted, which is the strongest downward adjustment. 
In Germany, the unadjusted FDI position abroad was 11 per cent higher than the adjusted. The strong 
appreciation of the Deutschmark against major host countries during the 1980s is clearly reflected in the 
downward adjustment. 
In the US, the adjusted stock is 5 per cent lower than the unadjusted, reflecting the rise of the dollar 
against major host country currencies (Canada, UK) in 1982-84 and 1988-90. The depreciation of the US dollar 
against the Deutschmark is slightly outweighed by the appreciation against other host country currencies with 
a higher share of FDI stocks. The relatively old US stock abroad carries the decreasing effect of the dollar 
appreciation from earlier years forward to later years. Still in 1980, due to the decrease of the dollar, the 
adjusted stock was 5 .2 per cent higher than the unadjusted stock. 
In the UK there is a strong upward effect of 30 per cent since the currencies of major host countries 
(ie. US, Canada, Australia) appreciated against the pound. 
Since only outward FDI are "corrected" for exchange-rate changes, the relative effect on the net-FDI 
position is even larger: it declines by 13 per cent in the case of the US and Japan and by 26 per cent in 
Germany, respectively. In the UK, the net position more than doubles due to the adjustment. 
The advantage of our method is that exchange-rate changes do not lead to large fluctuations of FDI 
stocks when expressed in a common currency. Thus we avoid the bias resulting from exchange-rate movements 
when transferring unadjusted stocks into USD as is normally done in cross-country comparisons. 
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SENSrTIVITY ANALYSIS 
How sensitive are the results to changes in the parameters of the model, ie. the retirement function, 
depreciation function, service lives and investment deflators? We focus our sensitivity testing on service lives 
and a change in the retirement pattern for two major reasons: 
First, because variations in service lives have the greatest impact on capital stocks (e.g. O'Mahony 
1993, 1993a, Blades 1991, 1993, Paccoud 1983). Concerning depreciation and retirement we have quite simple 
assumptions, but they produce satisfying results in many countries for domestic capital stock estimation. In 
order to assess the 'echo-effect' of the sudden death assumption we also change the retirement pattern. This 
implies that the full effect of the sensitivity analysis can be attributed to service life changes or retirement 
pattern changes·. We acknowledge that a direct adjustment of the other two parameters mentioned above would 
also lead to a change of the results - but they would be of marginal importance (e.g. O'Mahony 1993, 1993a, 
Blades 1991, 1993, Paccoud 1983). This is true not only for the level of the capital stock, but also for its 
growth-rate. Moreover, a change in length of service lives implies a change in the depreciation and retirement 
functions and hence a certain effect from these is included as well. Besides it should be emphasized that there 
is no consensus on what functions actually reflect reality best. 
Second, a more detailed sensitivity testing than that proposed is not practical, since we do not dispose 
of data on different assets or on a more disaggregated sectoral level: First, the differences of results on an 
aggregated basis would not reflect the differences in asset-composition of the capital stock by country, and 
second the results of the sensitivity analysis would be artificial in the sense that service lives act as a weight to 
different assets, which we apply only on an aggregated level. This would imply that the best first option would 
be to try to disaggregate the data and compare the results, rather than use different depreciation or retirement 
functions. Yet, the disaggregation of FDI data by sector or industry involves various definitional and 
measurement problems and questionable classification practices which can hardly be dealt with on a consistent 
basis over the long run, an exception being the US. 
The sensitivity testing is based on the measurement of the difference in capital stocks as a percentage 
of the stocks when assuming (i) a service life of 30 years and comparing it to a shorter service life of 25 years; 
and (ii) by assuming simultaneous exit versus a distributed retirement plus and minus 20 per cent of the average 
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service life. The first alteration should lead to lower capital stocks, because assets are retired five years earlier 
while the second alteration should increase the capital stock, since a certain share of assets still remains in the 
stock after m is expired. 
Our results are in line with other studies mentioned above. The FDI stocks are quite sensitive to a 
reduction of the service life by five years. The outward stock of the UK is 4 per cent and that of the US is 3.9 
per cent lower on average between 1980 and 1990, if the average service life is reduced from 30 to 25 years. 
The inward stock of the UK is 7 per cent and that of the US is 1.3 per cent lower than that assuming an 
average service life of 30 years. Replacing the assumption of a simultaneous exit of assets by a distributed 
retirement increases the outward stock of the UK by 2.8 per cent and that of the US by 4.5 per cent and the 
inward stock of the UK by 0. 7 per cent and that of the US by 1.2 per cent. 
DETAILED RESULTS 
************ 
Table 7 here 
************ 
TABLE I 
Results of earlier studies on US FDI (bn US$) 
Year Inward Outward Net Source 
A. book values 
1986 208 259 51 Hooker (1988) 
1987 272 307 36 Eisnec, Pieper (1990) 
1987 262 309 47 Ulan, Dewald (1989) 
1988 329 327 2 Stekler, Stevens (1989) 
1987 271 314 43 Landefeld, Lawson (1991) 
B. replacement values 
1987 269 706 438 Eisner, Pieper (1990) 
1988 329 407 78 Lederer (1990), taken from 
Pratten 1991, p. 83, because 
neither Lederer himself, nor 
Landefeld, Lawson give a 
figure in inward FDI when 
citing his study) 
1988 450 750 300 Stekler, Stevens (1989) 
1987 323 485 162 Landefeld, Lawson (1991) 
C. Hmarket values H 
1986 274 584 310 Hooker (1988) 
1987 309 621 312 Eisner, Pieper (1990) 
1987 496 1016 521 Ulan, Dewald (1989): Stock 
market prices 
1987 162 808 646 Ulan, Dewald (1989): 
Capitalized Earnings 
1987 300 714 415 Ulan, Dewald (1989): 
Investment Deflators 
1987 323 578 255 Landefeld, Lawson (1991) 
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TABLE 2 
Historical (hist), constant (const) and current (curr) replacement values of FDI in local currencies (selected years) 
Japan (bn Yen)l) Germany (bnDM)l)2) US (bn US$) UK (bn£) 
hist const curr hist const curr hist const curr hist. const curr 
Inward FDI 
1950 0.9 3.9 0.9 3.4 16.8 3.4 1.4 7.1 1.4 
1960 32.9 102.8 36.5 7.0 21.5 7.0 6.9 29.3 8.0 1.7 12.3 3.4 
1970 214.5 522.0 241.7 21.8 53.8 27.1 13.3 46.1 16.9 5.6 35.9 13.1 
1980 675.5 1,049.1 1,008.1 71.8 113.0 97.3 83.0 136.5 113.9 26.4 69.1 57.7 
1990 2,668.8 2,858.5 2,904.2 139.6 143.7 161.9 395.0 410.6 460.4 106.6 114.5 128.4 
Outward FDI 
1950 0 0 0 - 11.8 57.0 11.8 2.2 27.6 2.2 
1960 101.5 306.5 105.1 3.2 9.0 3.2 31.9 122.8 37.1 4.4 48.3 5.4 
1970 1,287.4 3,115.4 1,452.8 17.3 44.2 18.6 75.5 237.6 97.2 8.8 82.9 15.0 
1980 8,275.3 13,195.6 11,653.1 84.5 153.0 103.8 215.4 364.5 372.7 33.8 141.9 60.8 
1990 45,001.9 49,928.1 49,285.4 231.8 297.5 231.4 427.0 449.0 543.5 126.9 220.1 182.4 
Net outward FDI 
1950 -0.9 -3.9 -0.9 8.4 40.2 8.4 0.8 20.5 0.8 
1960 68.7 203.8 68.6 -3.8 -12.5 -3.8 25.0 93.5 29.1 2.7 36.0 2.1 
1970 1,072.9 2,593.5 1,211.1 -4.5 -9.7 -8.4 62.2 191.5 80.4 3.2 47.0 1.9 
1980 7,599.9 12,146.5 10,645.0 12.7 .40.1 6.5 132.4 227.9 258.9 7.4 72.8 3. I, • 
1990 42,333.1 47,089.8 46,401.1 92.2 153.8 69.5 32.0 38.8 83.2 20.3 105.6 54.0 · 
J) without reurements; 2) from 1960 onwards; 3) as m table 2 
TABLE 3 
Magnitude of revaluation in local cu"ency 
Outward Inward 
Ratio 1*) 
Japan 109.5 108.8 
Germany 99.8 116.0 
us 127.3 116.6 
UK 143.7 120.5 
Ratio 2**) 
Japan/ US 86.0 93.3 
Japan/ UK 76.2 90.3 
Germany/ US 78.4 99.5 
Germany/ UK 69.5 96.3 
*) (replacement value 1990 / hlstonc value 1990) * 100 
**) (Ratio l 1990 'young'/ Ratio l 1990 'old')* 100 
Source: calculated by the authors from Table 2 
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TABLE4 
Historical, constant (canst) and current (curr) replacement values of FD/ in a common currency (selected years) 
Japan]) Germany1)2) us UK 
hist const curr hist const curr hist const curr hist const curr 
Inward FDI 
1950 0.003 0.02 0.003 3.4 16.8 3.4 4.0 9.2 4.0 
1960 0.09 1.3 0.1 1.7 7.2 1.7 6.9 29.3 8.0 4.9 16.0 9.4 
-
1970 0.6 2.2 0.7 6.0 18.0 7.4 13.3 46.1 16.9 13.3 46.5 31.5 
1980 3.0 4.4 4.4 39.5 37.8 53.5 83.0 136.5 113.9 61.4 89.6 134.1 
1990 18.4 11.9 19.9 86.4 48.0 100.2 395.0 410.6 460.4 190.3 148.4 229.1 
Outward FDI 
1950 0 0 0 
- 11.8 57.0 11.8 6.1 12.9 6.1 
1960 0.3 0.4 0.3 0.8 3.0 0.8 31.9 122.8 37.1 12.4 10.4 15.2 
1970 3.6 13.1 4.0 4.7 14.7 5.1 75.5 237.6 97.2 21.1 25.6 36.1 
1980 36.5 55.3 51.4 46.5 51.1 57.1 215.4 364.5 372.7 78.7 181.9 141.5 
1990 310.8 209.2 340.2 143.3 99.4 143.2 427.0 449.0 543.5 226.6 437.7 325.6 
Net outward FDI 
1950 -0.003 -0.02 -0.003 8.4 40.2 8.4 2.1 3.7 2.1 
1960 0.2 0.9 0.2 -0.9 -4.2 -0.9 25.0 93.5 29.I 7.5 -5.4 5.8 
1970 3.0 10.9 3.4 -1.3 -3.3 -2.3 62.2 191.5 80.4 7.8 -20.9 4.6 
1980 33.5 50.9 46.9 7.0 13.4 3.6 132.3 227.9 258.9 17.3 92.3 7.4 
1990 292.4 197.3 320.2 57.0 51.4 43.0 32.0 38.3 83.2 36.2 289.3 96.5 
l) w11liou1 reurements; 2) from 1960 onwards 
TABLE 5 
Growth-rates (annual average percentage) of FDI, GDP and trade at constant prices in common currency 
Period outward FDI aggregate for the four countries 
Japan Gennany us UK FDI GDP Trade FD/1 FDI I 
GDP Trade 
1950-60 8.0 -2.1 
1960-70 41.7 17.2 6.8 10.3 7.9 4.8 6.7 1.6 1.2 
1970-80 15.5 13.3 4.4 21.4 8.5 3.0 6.9 2.8 1.2 
1980-90 14.2 6.9 2.1 8.3 6.0 2.9 2.6 2.1 2.3 
1950-90 23.2*) 12.4*) 5.3 9.1 
Source: calculated by the authors from Table 4 and IMF, Fmanc1al Statistics 
*) 1960-90 
TABLE 6 
Sensitivity of net-FDI stocks to exchange-rate adjustment 
Japan 
Germany 
us 
UK 
u 
26,809.2 
203.5 
441.4 
114.9 
Note: 0 ... unadJusted 
A ... adjusted 
Outward 
A 
23,568.5 
181.6 
418.8 
149.4 
Inward 
(A-U) /U U=A u 
-12.1 1,663.5 25,145.6 
-10.8 120.5 82.9 
-5.1 262.9 178.6 
+30.0 84.7 30.1 
Figures refer to average between 1980 and 1990 current values in local currency. 
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Net Position 
A 
21,905.1 
61.0 
155.9 
64.7 
(A-U) /U 
-12.9 
-26.4 
-12.7 
115.1 
TABLE 7 
Details of the estimation procedure (selected years, local currency bn) 
Year GI,,, GK"' R,,, D,,, NI,,, NK,,, 
Japan outward - historic values 
1951-70 1,470.6 1,470.6 183.2 1,287.4 1,287.4 
1971-80 8,749.4 10,220.0 1,761.4 6,987.8 8,275.3 
1981-90 45,154.3 55,264.6 109.7 8,427.8 36,726.5 45,001.9 
Japan outward - constant values 
1951-70 3,604.1 3,604.1 488.7 3,115.4 3,115.4 
1971-80 13,453.0 17,057.1 3,372.8 10,080.2 13,195.6 
1981-90 47,569.3 64,169.2 457.2 10,836.4 36,733.2 49,928.8 . 
Japan inward - historic values 
1951-70 260.9 260.9 46.4 214.5 214.5 
1971-80 646.4 907.3 185.5 460.9 675.5 
1981-90 2,613.6 3,483.4 37.5 620.2 1993.2 2,668.8 
Japan inward - constant values 
1951-70 650.0 650.2 128.0 522.0 522.0 
1971-80 901.7 1,551.9 374.5 527.2 1,049.1 
1981-90 2,625.7 4,024.5 153.1 816.4 1,809.3 2,858.5 
Germany outward - historic values 
1961-70 22.4 29.2 4.9 17.5 17.3 
1971-80 87.7 116.9 20.4 67.3 84.5 
1981-90 217.0 333.9 69.7 147.3 231.8 
Germany outward - constant values 
1961-70 57.5 76.7 12.9 44.6 44.1 
1971-80 153.9 230.6 45.0 108.9 153.0 
1981-90 253.9 484.5 109.4 144.5 297.4 
Germany inward - historic values 
1961-70 31.1 46.0 8.9 22.2 21.8 
1971-80 75.6 121.6 25.7 49.9 71.8 
1981-90 121.8 243.4 54.0 67.8 139.6 
Gennany inward - constant values 
1961-70 78.1 123.8 24.0 54.l 53.8 
1971-80 113.4 237.2 54.2 59.2 112.9 
1981-90 118.2 355.4 87.8 30.5 143.7 
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Year GI,,, GK,,, R,,, D"' NI"' NK"' 
US outward - historic values 
1951-70 108.2 113.1 17.8 · 33.7 74.5 75.5 
1971-80 244.6 352.0 5.7 104.8 139.8 215.4 
1981-90 346.5 667.6 30.9 134.7 211.8 427.0 
US outward - constant values 
1951-70 358.0 383.3 84.3 125.2 232.8 237.6 
1971-80 280.5 639.1 24.7 153.6 126.9 364.4 
1981-90 291.4 782.6 147.9 207.0 84.4 448.9 
US inward - historic values 
1951-70 20.2 21.8 4.8 7.3 12.9 13.3 
1971-80 83.5 104.1 1.2 13.8 69.7 83.0 
1981-90 399.9 497.7 6.3 87.9 312.0 394.9 
US inward - constant values 
1951-70 75.5 82.4 24.8 31.5 44.0 46.1 
1971-80 126.5 202.1 6.8 36.0 90.5 136.5 
1981-90 385.8 556.6 31.3 111.7 274.1 410.7 
UK outward - historic values 
1951-70 9.1 8.0 5.7 2.4 6.7 8.8 
1971-80 33.0 42.7 -1.7 8.0 25.0 33.8 
1981-90 126.8 166.0 3.5 33.7 93.1 126.9 
UK outward - constant values 
1951-70 105.2 84.7 78.8 23.3 81.9 82.9 
1971-80 103.1 208.2 -20.4 43.9 59.2 142.0 
1981-90 158.6 321.7 45.1 80.7 77.9 220.1 
UK inward - historic values 
1951-70 7.9 10.7 0.2 4.0 3.9 5.6 
1971-80 26.9 35.8 1.8 6.2 20.7 26.4 
1981-90 103.0 137.4 1.4 23.0 80.0 106.6 
UK inward - constant values 
1951-70 48.7 57.7 5.8 20.0 28.7 35.9 
1971-80 60.6 109.3 9.0 27.3 33.3 69.1 
1981-90 92.0 194.0 7.3 46.8 45.2 114.5 
Note: Vanables are explained m the text. Flow values have been accumulated 1951-70 (Germany 1961-70), 1971-80, 1981-90. Stock values 
refer to 1970, 1980, 1990 end of year. Due to roundings, figures may not add up to the last digit. 
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